In Taiwan, leptospirosis is caused mainly by Leptospira santarosai serovar shermani. Suppression subtractive hybridization was employed to isolate DNA fragments present in pathogenic L. santarosai serovar shermani but absent in non-pathogenic L. biflexa serovar patoc. Analysis of 23 subtracted DNA clones revealed 25 gene fragments by BLASTX program. Eight clones showed similarity to transposase genes and three clones displayed homology with either translation or metabolism related genes. Four clones were similar to outer membrane protein, penicillin-binding protein, CreD-like protein and the protein of two-component signal transduction system, respectively. One clone had TPR repeat domain and five clones had significant similarity with hypothetical proteins of unknown functions. The remaining four clones exhibited no homology with any known genes. These results indicate that subtractive hybridization can successfully identify genes that are absent from the non-pathogenic Leptospira and provide a starting point for clarifying the differential genes expression between pathogenic and non-pathogenic Leptospira species.
Introduction
Leptospirosis is an important global zoonosis caused by members of the genus Leptospira. The spectrum of human disease caused by Leptospira is extremely wide, ranging from subclinical infection to a severe syndrome of multi-organ infection with high mortality. Infections are typically transmitted to humans through contact with water or soil contaminated with the urine of infected animals [1] . Five to 10% of cases of leptospirosis can progress to hepatic and renal dysfunction and death [1] . Leptospirosis has not been thought of as a common infectious disease for the past 20 years and appears to have been underestimated as a cause of acute renal failure in Taiwan until Yang et al. reported it in 1997 [2] .
Among the pathogenic Leptospira species, Leptospira santarosai serovar shermani is the main infecting serovar of human leptospirosis in Taiwan [3] .
In recent years, several genes have been cloned, analyzed and proved that they were highly conserved among pathogenic Leptospira but not in non-pathogenic Leptospira, including an IS1500 of insertion-sequence (IS)-like element [4] and a number of outer membrane protein genes including lipL21 [5] , lipL32 [6] , lipL36 [7] , lipL41 [8] , loa22 [9] , ligA [10, 11] , ligB [11] and ompL1 [12] , which are considered as pathogenic related genes.
Suppression subtractive hybridization was first applied to bacteria in a study of Helicobacter pylori [13] . Comparing DNA from virulent strains of bacterial pathogens with DNA from less virulent or avirulent strains allows the identification of those genomic regions that are present only in virulent strains [14] . Once strain differences have been identified, suppression subtractive hybridization, based on hybridization and PCR amplification (see details in Section 2), can be used to assess the specificity of the candidate sequence. Subtractive hybridization has been particularly useful for the identification of transposable elements or markers specific to individual strains or clones, played an important role in identifying genomic islands implicated in virulence and in studying variations in gene expression [14] .
In this study, we identified some gene differences between L. santarosai serovar shermani that was an epidemic serovar in Taiwan and saprophytic L. biflexa serovar patoc. By way of identifying pathogenic relative genes, we may improve the diagnosis methods of pathogenic Leptospira and investigate the possible roles of these genes in pathogenicity of Leptospira.
Materials and methods

Bacterial strains, plasmids and growth conditions
L. kirschneri serovar grippotyphosa, strain ATCC 23604, L. santarosai serovar shermani, strain LT 821, L. inadai serovar lyme, strain ATCC 43289 and L. meyeri serovar ranarum, strain ATCC 43287 were obtained from American Type Culture Collection (ATCC). L. interrogans serovar canicola, strain Hond Utrecht IV, L. interrogans serovar lai, strain Lai, L. borgpetersenii serovar poi, strain Poi, L. biflexa serovar patoc, strain Patoc, L. noguchii serovar panama, strain CZ 214 and L. weilii serovar celledoni, strain Celledoni were provided by the National Leptospirosis Reference Center (National Animal Disease center, Agricultural Research Service, US Department of Agriculture, Ames, Iowa). Leptospiral strains were grown at 28°C in 10% EMJH leptospiral enrichment medium (BD Diagnostics). pCR Ò II-TOPO (Invitrogen) was used in cloning experiments. Escherichia coli TOP10 cells (Invitrogen) were used as host strains for recombinant plasmids and cultured in Luria-Bertani broth or on Luria-Bertani agar. When necessary, ampicillin and 5-bromo-4chloro-3-indolyl-b-galactoside (X-Gal) (Sigma) were used at 100 and 40 lg ml À1 , respectively.
Preparation and manipulation of DNA
Bacterial genomic DNA was extracted according to the manual of the Qiagen Genomic DNA Kit. Plasmid DNA was prepared by using QIAprep Spin Miniprep Kit (Qiagen). Restriction endonuclease digestion was accomplished by standard methods [15] .
Suppression subtractive hybridization (SSH)
Bacterial genomic subtraction was performed following the user manual of the Clontech PCR-Select Bacterial Genome Subtraction Kit (BD Biosciences) according to the manufacturer's instructions except for the hybridization temperature. The tester (L. santarosai serovar shermani, strain LT821) and driver (L. biflexa serovar patoc, strain Patoc I) genomic DNAs were digested with AluI, RsaI, HaeIII, StuI, SspI and HincII, to give a range of blunt-ended fragments between 0.1 and 2.0 kbp, as determined by gel electrophoresis. The tester DNA is then subdivided into two portions, each of which is ligated with a different adaptor. The ends of the adaptors are unphosphorylated, so only one strand of each adaptor attaches to the 5 0 ends of the DNA. The two adaptors have stretches of identical sequence, which allows annealing of the same PCR primer to both ends once the recessed ends have been filled in. Subtractive hybridization was carried out at 60°C and two hybridizations were performed. In the first, an excess of driver was added to each adaptor-ligated tester sample. The samples were then heat-denatured and allowed to anneal. In the second hybridization, the two primary hybridization samples were mixed together without denaturing. This ensures that only the remaining equalized and subtracted single strand tester DNAs can reassociate and form new double strand tester molecules with different ends. The recessed ends of the adapters were filled and the primary PCR was carried out to exponentially amplify tester-specific DNA. In the secondary PCR, nested primers to adapters were used to further enrich the tester-specific DNA. The PCR amplification product was cloned into pCR Ò IITOPO and transformed into E. coli TOP10 competent cells according the manual of the TOPO TA Cloning Ò Kit (Invitrogen). Positive clones were screened on Luria-Bertani agar supplemented with ampicillin and X-Gal.
Dot-blot and Southern-blot hybridization
For the dot blots, 50 ng of each plasmid DNA was denatured by incubating in a boiling water bath for 10 mins and spotted onto a Immobilon TM -Ny+ membrane (Millipore). DNA was cross-linked to the membrane by UV light. For dot blots probe labeling, 1 lg of genomic DNA digested with EcoRI was labeled with Digoxigenin-11-dUTP using the random primed method according to the dig system user's guide for filter hybridization (Roche). The blots were prehybridized in standard buffer for 2 h at 60°C and then hybridized overnight at 60°C. For Southern hybridization analysis, 2 lg of each Leptospira strain genomic DNA was digested with ClaI, run through a 0.7% (W/V) agarose gel electrophoresis and transferred onto an Immobilon TM -Ny+ membrane. As to generate Southern hybridization probe, 50 ng of each positive plasmid DNA was labeled with Digoxigenin-11-dUTP using PCR with M13 forward and reverse primers. Southern hybridization and stringency washes were carried out at 60°C as before.
Sequencing and analysis
The positive clone inserts were sequenced through custom service by using the Perkin-Elmer Applied Biosystems 377XL automated DNA sequencer. The M13 forward and reverse primers were used to initiate the sequencing reactions. The sequences were analyzed for DNA homology using the National Center for Biotechnology Information (NCBI) BLASTX program [16] . The G + C content of each insert fragment was calculated by the NASTAS program of the Biology WorkBench version 3.2 (http://workbench.sdsc.edu/).
Nucleotide sequence Accession Numbers
The 22 L. santarosai serovar shermani sequences have been deposited in GenBank under Accession Numbers from CL246268 to CL246290.
Results and discussion
In order to understand the mechanism of pathogenicity in microorganism, there are many general procedures that can be utilized to detect virulent genes. These include genomic subtraction [17] , in vivo expression technology (IVET) [18] , tagged transposon method (STM) [19] and in vivo induced antigen technology (IVIAT) [20] . The lack of adequate and efficient genetic tools has impeded the application of Koch's molecular postulate to the study of the spirochetes, even those whose genome is fully characterized [21] . Many bacterial virulence genes are found as discrete segments, present in pathogenic organisms but absent in non-pathogenic members of the same genus or species [22] . In order to isolate DNA unique to the pathogenic strains, suppression subtractive hybridization was carried out between pathogenic L. santarosai serovar shermani, strain LT821 ( ¼ ATCC 43286) and saprophytic L. biflexa serovar patoc, strain Patoc I. Suppression subtractive hybridization is a PCR-based technique that enriches a small restriction fragment by adding specific adaptors that are present in one strain, termed the tester, but absent in another, termed the driver. In our system, L. santarosai serovar shermani, strain LT821, was used as the tester, and saprophytic L. biflexa serovar patoc, stain Patoc I, was used as the driver. Several restriction enzymes were initially tested, and six restriction enzymes, AluI, RsaI, HaeIII, StuI, SspI and HincII were used in digesting genomic DNA. The mixed restriction enzymes digested genomic DNA fragments, ranging from 100 to 2000 bp in size, with an average of 500 bp, were most suitable for efficient PCR amplification. By employing suppression subtractive hybridization, 204 clones were obtained by blue-white selection and 50 of these were found to have no inserts. Therefore, 155 clones were confirmed as positive clones. The plasmids of positive clones were spotted onto positively charged nylon membranes and hybridized with non-radioactive digoxigenin-labeled whole-genome probes of tester (L. santarosai serovar shermani, strain LT821) and driver (L. biflexa serovar patoc, strain Patoc I) DNA under low stringency conditions, respectively. Twenty six clones showed stronger signals when they were hybridized with tester probes than driver probes ( Fig. 1(a) and  (b) ). The plasmids of 26 clones were further digoxigenin labeled by PCR with M13 forward and M13 reverse primers. By Southern hybridization with the probes described above, the 26 clones were confirmed to be unique in L. santarosai serovar shermani (Fig. 1(c) ). The 26 subtracted fragments were then sequenced and their sequences were subjected to homology search by BLASTX program. The results are summarized in Table 1 . Eighteen clones revealed high similarities to the genes of L. interrogans serovar lai, strain 56601 and two clones showed high similarities to L. borgpetersenii. a The E value indicates the probability of the match. A match with an E value of 1e-5 and below was taken to be significant (i.e. the match is not due to chance). b Accession Number for the homologous amino acid sequences.
According to the BLASTX results, clone C17 and C93 encode two partial peptides within different reading frames. Eleven clones are transposase related genes. Among these clones, clone A18, C5 and C106 have the same sequences of a transposase gene, clone B50 and C47 were the same clones related to another transposase. The predicted product of C67 was similar to the outer membrane proteins of L. interrogans. Clone C107 was similar to two-component regulator system and three clones (clone B28, C93 and C103) were similar to genes involved in metabolic processes and protein synthesis. Four clones (clone A25, B19, C2 and C59) had no significant similarity with any sequence present in the NCBI databases and five clones had significant similarity with hypothetical proteins of unknown function. The 23 different subtractive fragments had a G + C content ranging from approximately 38.8-54.2% and average G + C content was 42.9%. The G + C contents of L. santarosai serovar shermani and L. biflexa serovar patoc were 40.7 AE 0.6% and 36.0 AE 0.3% respectively [23] . This indicates that all subtractive fragments had a higher G + C content than that in L. biflexa.
In order to investigate whether these L. santarosai serovar shermani, strain LT821-specific fragment also appear in the genomes of Leptospira genus of other pathogenic species, we hybridized the 10 ClaI digested genomes of pathogenic and non-pathogenic Leptospira with each probe generated from subtracted fragments ( Fig. 2 and Table 2 ). According to the results of hybridization, 10 clones (A18, B28, C34, C49, C66, C67, C95, C97, C103 and C107) appear in all pathogenic strains except L. inadai serovar lyme and seven clones (B29, B50, C23, C72, C93, C17 and C33) appear in pathogenic strains except L. noguchii serovar panama and L. inadai serovar lyme. The other clones were detected in part of the pathogenic strain. It is interesting that in the intermediated and saprophytic Leptospira we assayed, clone C97 was detected in L. meyeri serovar ranarum and L. inadai serovar lyme but the other 22 clones were not detected in the genomic DNA of L. biflexa serovar patoc, L. meyeri serovar ranarum and L. inadai serovar lyme. These results indicated that the subtracted clones maybe pathogen specific.
In transposase-relative genes, two genes (clones B29 and C23) were similar to the IS1533 of L. borgpetersenii and the other genes were similar to the transposases of L. interrogans serovar lai, which belong to a novel IS elements. Our results were in line with the finding that the IS1500 elements of L. interrogans were detected in all other pathogenic leptospiral serovares, but not in the saprophytic species L. biflexa [4] . The eight transposaserelative genes in our assay appear in all pathogenic Leptospira except that six clones of transposase genes were not detected in L. noguchii serovar panama. Our findings revealed that transposase-relative clones were detected in most pathogenic Leptospira species but not in non-pathogenic Leptospira. Though a copy IS1500 was detected in L. inadai serovar ranarum, strain Ranarum by Southern hybridization [4] , all transposase genes elucidated in this study were not detected in L. inadai serovar lyme. The genome sequence of L. interrogans serovar lai, strain 56,601, reveal 63 transposases and 10 putative transposases in the genome [24] . It is interesting that 34.8% (8/23) of subtracted clones in our study were transposase genes. Transposase genes are important members of IS elements which are mobile elements in genomes. Comparison of genetic organization in two closely related serovars (icterohaemorrhagiae and pomona) shows that several chromosomal rearrangements have occurred in the large chromosomal replicons of these two serovars [4] . It has been proposed that IS elements may play an important role in the pathogenicity of bacterium [14] . Although transposases gene had been cloned in Leptospira, the relationship between pathogenecity and the flanking genes of transposases gene remained to be elucidated. 
The DNA sequence of C67 clone was similar to an ompA family gene of L. interrogans serovar lai and the tpn50 gene of Treponema pallidum [25] . Five OmpA family proteins can be found in the genome sequence of L. interrogans serovar lai [24] . TpN50 protein is functionally equivalent to the E. coli OmpA protein [25] , whose functions include maintenance of structural cell integrity, roles in bacterial conjugation, bacteriophage binding and cell growth [26] . OmpA-deficient E. coli exhibits attenuated virulence, invasive capacity and resistance to serum bactericidal activity [27] . It seems that OmpA may contribute to the ability of Gram-negative bacteria to invade mammalian cells. Loa22 was another OmpA family protein of pathogenic Leptospira but not among non-pathogenic Leptospira, suggesting the possible involvement of this protein in virulence [9] . C67 encoded protein should be further studied to identify the localization and the roles related to pathogenesis.
Clone C97 encoded a penicillin-binding protein, which was located within the cytoplasmic membrane and played an integral role in the synthesis of peptidoglycan. There are eight penicillin-binding proteins in the genome sequence of L. interrogans serovar lai [24] . The ponA and ponB genes of L. interrogans were first isolated and characterized in 2000 and encoded functional penicillin-binding proteins [28] . Clone C17 encoded a transposase gene and a CreD-like protein. CreD family protein, Cet, had a tolerance ability to colicin E2 and it is suggested that the Cet protein has an enhancing effect on the transcription of phoA [29] . However the function of CreD-like protein of Leptospira remains unknown. Clone C49 encoded a TPR-repeat-containing protein.
There are 24 tetratrico peptide repeat containing protein genes in the genome sequence of L. interrogans serovar lai [24] . The tetratrico peptide repeat is a degenerate 34-amino acid repeated motif that is widespread in evolution [30] . The tetratrico peptide repeat motifs are protein-protein interaction modules and important to functioning of chaperone, cell-cycle, transcription and protein transport complexes [31] .
These results indicate that subtractive hybridization can successfully identify genes that are absent from the non-pathogenic Leptospira and provide a starting point for clarifying the differential genes expression between pathogenic and non-pathogenic Leptospira species. The differences identified by subtractive hybridization also offer the possibility of developing diagnostic tests to distinguish Leptospira species.
